We measured the extent and rate of habitat change and interpreted landscape metrics for fragmentation in the Fundy Model Forest, New Brunswick, from 1993 to 1999 using geographical information system baseline data updated with landscape changes detected on Landsat satellite imagery. We report on three categories of landscape metrics (habitat cover, patch size, and nearest neighbour), which we interpret as applicable to potentially fragmentationsensitive local indicator species in specific habitat types. Between 1993 and 1999, 5.6% of forest land in the Fundy Model Forest was estimated by satellite image analysis as having >30% of canopy cover removed, primarily as a result of forest harvesting treatments. In four of five habitat types, the rate of habitat loss from harvesting outpaced habitat replacement due to forest growth. Changes in landscape pattern metrics indicate that fragmentation has occurred in each of the five indicator species habitat types over the available time period; furthermore, the rate of fragmentation exceeded the rate of habitat loss. Declines in the number and area of mixedwood patches dominated the fragmentation of the landscape in this region. More attention to the spatial distribution of harvesting activities may be necessary to change this trend in landscape pattern in the future.
Introduction
Measurement and interpretation of landscape pattern or structure and change over large areas are a research challenge that has emerged in recent decades with the accumulation of scientific literature supporting the hypothesis that landscape-scale biodiversity is negatively influenced by anthropogenic changes to landscape pattern (Andren 1994; Paton 1994; Beier and Noss 1998; Bender et al. 1998; Mazerolle and Villard 1999) . Quantifying landscape pattern and composition with landscape metrics has several advantages, including the quantitative documentation of trends in landscape development and interpretation of landscape fragmentation (Zheng et al. 1997; Kitzberger and Veblen 1999) . A wide range of landscape metrics has been used to explain the distribution and abundance of species (Mazerolle and Villard 1999; Saveraid et al. 2001) , and specific questions and hypotheses have been tested about the population health of potentially fragmentation-sensitive species (Andren 1994; Miller et al. 1997; Dijak and Thompson 2000) . For example, studies of timber wolves (Canis lupus lycaon) (Mladenoff et al. 1995) , grizzly bears (Ursus arcturus horribilus) (Nielsen et al. 2003) , American martens (Martes americana) (Chapin et al. 1998; Hargis et al. 1999) , and songbirds (Lichstein et al. 2002 ) have adopted multivariate techniques, such as regression, to develop predictive models of the influence of landscape structure on wildlife populations.
A number of issues must be addressed when using landscape metrics in quantifying landscape structure and documenting change over time for use in wildlife models or management plans. Critical determinants of the quality and effectiveness of landscape quantification are the scale, origin, and reliability (or accuracy) of the input data (Wickham et al. 1997; Franklin et al. 2000a; Shao et al. 2001 ). Many geographical information system (GIS) databases have only partial coverage of multijurisdictional areas; such data are often highly dependent on manual stratification or interpretation of mapping units on aerial photography, which is expensive to produce frequently. GIS databases from different time periods may contain inconsistent forest cover attributes making cross-year comparisons untenable. Some digital remote sensing image sources can be unreliable because of cloud coverage, seasonal differences, or sensor incompatibilities (Woodcock et al. 2001) . However, despite these shortcomings, if used in combination, existing GIS and remote sensing data may represent the best available data for comparison of change over large areas and long time periods (Franklin et al. 2002c) .
Equally important are issues associated with the specific ecological implications and interpretation of landscape metrics and the change in metrics over time (Krummel et al. 1987; Baskent and Jordan 1995; Hulshoff 1995; Sachs et al. 1998; Baskent 1999; Wang and Moskovits 2001) . Some metrics are not necessarily relevant to species or ecological processes (Cale and Hobbs 1994) . Expert opinions on "optimal ranges" of landscape pattern appear to vary broadly (Lundquist et al. 2001) . These realities leave forest managers with little guidance when interpreting ecological implications of landscape metrics and landscape change research.
In this study in the Fundy Model Forest (FMF), New Brunswick, the extent and rate of habitat loss were measured and landscape fragmentation interpreted from 1993 to 1999 using available GIS data and Landsat satellite imagery. Landscape metrics were computed for two time periods from an existing forest inventory GIS database updated with changes detected in the imagery. The methods for this change detection approach are described in the remote sensing literature by Collins and Woodcock (1996) , Cohen et al. (1998) , Cohen and Fiorella (1999 ), and Franklin et al. (2001 , 2002a , 2002b , 2002c and are briefly summarized here. Our objective was to examine the metrics and forest changes with reference to potentially fragmentation-sensitive local indicator species. By "grounding" measurement of landscape change in hypothesized stand-level and landscape-level species-habitat relationships, we have attempted to highlight the ecological relevancy of the change observed in a selection of landscape metrics.
Study area
The area of the FMF (4500 km 2 ) extends north of the Bay of Fundy in New Brunswick, Canada (66.08°W-64.96°W, 46.08°N-45.47°N). Landownership in the FMF is 63% small private woodlots, 17% large private holdings (J.D. Irving freehold land), 15% provincial Crown (public) land, and 5% national park. All of the FMF lies within the Acadian Forest Region (Rowe 1972) . The FMF area is characterized by 89% forest cover, a maritime climate, and rolling topography (Woodley 1998) . The forest cover is primarily intolerant hardwood (white birch (Betula papyrifera Marsh.), bigtooth aspen (Populus grandidentata Michx.), trembling aspen (Populus tremuloides Michx.), and red maple (Acer rubrum L.)), tolerant hardwood (American beech (Fagus grandifolia Ehrh.), sugar maple (Acer saccharum Marsh.), and yellow birch (Betula alleghaniensis Britt.)), and mixedwood communities (either tolerant hardwoods or intolerant hardwoods combined with red spruce (Picea rubens Sarg.) and balsam fir (Abies balsamea (L.) Mill.)). However, pure softwood communities (red spruce, balsam fir, white spruce (Picea glauca (Moench) Voss), or black spruce (Picea mariana (Mill.) BSP)) exist in low-lying areas and along the Bay of Fundy coast. Pure pine stands (eastern white pine (Pinus strobus L.) or jack pine (Pinus banksiana Lamb.)) are uncommon but exist primarily in postburn areas of the FMF. Intensive forestry activities are common in all areas of the FMF except for Fundy National Park.
Methods

Habitat mapping
Five major habitat types for New Brunswick were identified for this study based on relationships with local indicator species defined by the New Brunswick Department of Natural Resources and Energy (NBDNRE) ( Table 1) : old tolerant hardwood habitat (OTHH), old hardwood habitat (OHWH) (made up of intolerant hardwood tree species listed above), old mixedwood habitat (OMWH), old spruce-fir habitat (OSFH), and old pine habitat (OPIH) ( Table 2 ). To represent the five habitat conditions, different habitat maps were developed using data obtained from the forest inventory GIS database for 1993. This spatial forest inventory comprises digitized interpreted 1 : 12 000 aerial photographs. The assumption underlying the maps is that habitat-related stand stuctures (e.g., number of cavity trees, number and size of snags, presence of shrub layer), which are not directly measured in the available GIS data or by satellite image analysis, can be inferred from the image data or polygon attributes such as age-class and species composition. This assumption appears to hold for coarsely defined habitat types (Dussault et al. 2001) .
First, to represent the baseline year of 1993, we extracted polygon attributes from the existing GIS forest inventory database. We selected 1993 as the baseline year in this procedure because 1993 was the most recent year for which complete and comprehensive land cover and associated forest structure data were available. To categorize detailed stand conditions contained in the GIS into the five general habitat categories, we applied a "forest community group" algorithm (Table 1) . Simple logical decision rules based on the structural conditions, percent composition of the most common tree species in forest stands (NBDNRE 2000) , and maturity classes were used to aggregate polygonal attributes into the generalized habitat classes. For example, if the primary and secondary species in a stand were hardwood spe-cies and softwood species, respectively, the stand would be assigned to the "mixedwood" habitat category.
Second, August cloud-free Landsat-5 TM or Landsat-7 ETM+ satellite images were obtained for 1992, 1995, 1997, 1998, and 1999 . These images were processed digitally in the following sequence to produce a change detection map layer (Franklin et al. 2001 (Franklin et al. , 2002b .
Geometric correction
Each image was registered to the N.B. Stereographic Projection employed in the GIS inventory data. More than 40 ground control points located by GPS survey on road intersections and distinct natural features were used to develop a third-order polynomial transformation with less than 0.5 pixel root mean square error.
Atmospheric correction
To correct measured radiances for illumination differences and atmospheric conditions on each image date, a modelbased atmospheric algorithm was applied (Richter 1990 ). First, a standard atmosphere was estimated based on visibility conditions in each image. Second, a set of pseudoinvariant features was selected; radiances were then matched to actual reflectance characteristics under each image solar illumination conditions. Finally, the image radiance values were converted to estimated surface reflectances based on these training data and selected best-fit coefficients.
Tasseled Cap transformation
Each Landsat image was transformed into brightnessgreenness-wetness indices using the Tasseled Cap transformation procedure for reflectance data described by Crist (1985) . This procedure was suggested by Collins and Woodcock (1996) as an ideal approach when mapping distinct forest canopy changes or mortality with Landsat imagery. The difference between the multitemporal wetness indices (also known as the enhanced wetness difference index) has been shown in earlier work in New Brunswick to discriminate silvicultural and partial harvest canopy disturbances with a per-pixel accuracy of approximately 71% (Franklin et al. 2000b ); subsequent polygon-based accuracy assessment has indicated no error of omission (Franklin et al. 2002a ).
Final change layer
The final satellite image map was overlayed with clearcuts on both Crown land and J.D. Irving freehold land mapped with the use of global positioning systems. Clearcuts on other landownerships were detected on each of the image dates with the enhanced wetness difference index procedure; all such changes were then compiled in a single map layer representing all forest cover changes that occurred between 1993 and 1999. We masked agricultural and other nonforest changes with simple GIS-based rules.
We accounted for forest growth and the consequent development of new habitat in 1999 by including as habitat all stands that were defined as "young" in the 1993 New Brunswick forest development survey (NBDNRE 1986) . This is an overestimate of the amount of "new" habitat because the young age-class extends for 10-20 years, whereas our change detection only extended 7 years; therefore, it is probable that the majority of young stands remained in this age category until 1999. However, in the absence of spatially explicit forest growth models for all landownerships, this method provided a coarse estimate of habitat replacement over this period. Because habitat change estimates based on this approach are thought to be conservative, we have reported both (i) habitat changes incorporating potential forest growth (reported as 1999a) and (ii) habitat changes with no inclusion of young age-classes (reported as 1999). These data can be considered as "confidence intervals" within which actual habitat change and forest fragmentation levels actually lie.
Landscape metrics
No single metric is capable of reflecting the diversity of landscape composition and pattern (Davidson 1998) . While many metrics have been used to interpret landscape fragmentation, we sought to analyze those most likely to be relevant to native biodiversity. Total proportion of suitable habitat, edge effects, and patch size are some of the most frequently cited as ecologically important landscape metrics (Paton 1994; Bender et al. 1998) . Configuration metrics (e.g., connectivity, isolation, and contagion) have also been reported as significant (Beier and Noss 1998) . Riitters et al. (1995) used factor analysis on 26 metrics computed on 86 land cover maps and found that 87% of the metric variation was explained by the first six factors (interpreted as composites of landscape area, patch shape and distribution, and map class complexity). In another study, Popplewell et al. (2003) statistically analyzed a suite of metrics and reported that four (edge density, mean patch size, mean nearest neighbour, patch size covariance) were most strongly related to relative grizzly bear population densities; they suggested that the selection of landscape metrics be guided by the need to capture total landscape area, diversity of patch types, and various aspects of the patches themselves (such as their size, shape, variability in size and shape, distance, and isolation). Based on these suggestions, we selected three categories of metrics for analysis of landscape change in the FMF: (i) habitat area is the amount of habitat within a landscape that meets the requirements of particular indicator species, (ii) patch size metrics relate the maximum, minimum, mean, and frequency distribution of contiguous habitat patches within a landscape, and (iii) landscape configuration is represented by measures of the proximity of habitat patches to one another, such as the mean proximity and frequency distribution of nearest forest patches for the five habitat types.
We used the published spatial habitat criteria of indicator species for patch size and interpatch distance in the interpretation of the metrics (Table 2 ) (NBDNRE 2000) . For example, minimum interpatch distance criteria were based on likely dispersal distances for the indicator species represented by each habitat type in Table 1 . Minimum patch size criteria were based on (i) home range size and (ii) assumed patch size for maintenance of viable populations (Beaudette 2000) . These critieria were developed as part of a forest and wildlife management indicator species approach that assumed that if the habitat requirements of a set of mature forest specialists were met, populations of other more generalist species would also be maintained. To generate landscape metrics, we used Patch Analyst 2.0 (Rempel 1999; Elkie et al. 1999) , an extension of ArcView spatial analyst (ESRI, Redlands, Calif.). Nearest neighbour distances were calculated as the distance between each patch and the nearest patch of the same habitat type. All distances reported are the distance from edge to edge of habitat patches.
Results
Between 1993 and 1999, 20 450 ha of forest land was determined by satellite image analysis as representing changed forest conditions (Fig. 1) . This area represents 4.5% of the total land area and 5.6% of the forested land in the FMF. In 1993, 7423 ha (2.0%) of forest was classified as "young", a proportion of which will have aged into old forest habitat categories. Of the five habitat types examined, mixedwood and spruce-fir habitat types appear to be under the most serious harvesting pressure (Table 3 ). These two habitat types have been reduced by nearly 1% per year. Further, the majority (63%) of new mixedwood habitat contains shadeintolerant species. Mixedwood habitat made up of shadetolerant tree species declined by 9.6% over 7 years. In all cases, as of 1999, the total amount of habitat in each category constituted less than 20% of the FMF landscape.
Mean patch size declined for all habitat types except pine (Table 4) . Hardwood habitat mean patch sizes decreased the most markedly. The number of "large" habitat patches (according to NBDNRE patch size criteria) also decreased for hardwood, tolerant hardwood, and mixedwood, indicating that the decline in mean patch size was likely not simply due to the splitting of small patches (Table 5 ; Fig. 2 ). Mixedwood habitat patches have been the most heavily influenced by the changes observed. Over the 7-year period, nine of 121 patches of mixedwood greater than 60 ha were removed or reduced in size (a reduction of 11.6% in total large mixedwood patch area). The patch size distribution for all mature habitat reveals that large patches have declined in number (Fig. 3) , and, in most cases, area (Fig. 4) since 1993. Small patches (<5 ha) increased in both number and area. This may be largely a result of the splitting of large patches by new roads and cuts. While a small percentage of the total number of patches are large, they still constitute a substantial part of the FMF land base. As of 1999, 42% of mature forest habitat existed in patches that were large enough to meet the requirements of indicator species. However, this is a decrease from the 1993 level of 44%. Results of mean nearest neighbour statistics indicate that the distance between patches decreased from 1993 (191.3 m) to 1999 (187.3 m). Histograms of nearest neighbour distances for patches in each habitat category reveal that the majority of patches fell into the most proximal category (0-500 m) (Fig. 5) . This is well within the 1000-m nearest neighbour distance identified for all NBDNRE spatial indicator species. However, since 1993 the number of patches in the 0-500 m category declined for all habitat types except spruce-fir and pine habitat. In mixedwood, hardwood, tolerant hardwood, and pine habitats, large percentages of habitat were beyond NBDNRE's suggested minimum neighbour distances for indicator species (OMWH: 32.9%, OPIH: 47.9%, OTHH: 18.6%). Hardwood (OHWH) can be interpreted as the least fragmented of the habitat types with only 10.5% in nearest neighbour categories greater than 1000 m. While no substantial differences existed in amount of landscape change on land managed by three major landowner Can. J. For. Res. Vol. 33, 2003 groups (Crown, industrial freehold, private woodlots), private woodlots were the most heavily cut over the 1993-1999 period (Fig. 6 ).
According to the landscape metrics most closely associated with an interpretation of landscape fragmentation, the rate of fragmentation in the FMF occurred more rapidly than habitat loss (Fig. 7) . Only in the case of OTHH and OSFH nearest neighbour analysis did habitat loss occur at a greater rate than fragmentation.
Discussion
Landscape analysis
Softwood and mixedwood habiats contained the largest area of changes in the 1993-1999 period in the FMF; tolerant hardwood forest habitat had the lowest amount of change as detected by the satellite image analysis. This low rate could reflect a shift in management practices toward smaller-scale patch cuts and other partial cuts in this habitat type on Crown land (NBDNRE 2000) . Decreases in mixedwood (4.9%) and tolerant hardwood habitat (2.4%) over the 1993-1999 period could be of some concern due to the poor capacity of tree species associated with these forest types for regenerating from stand-replacing disturbances, such as clear-cutting (Archambault et al. 1998) . With forest growth taken into account using our simple age-class model (see Methods), pine habitat appeared to increase over the 1993-1999 period. However, this result should be interpreted with caution because a portion of "new" pine habitat is made up of old jack pine plantations, and it is questionable whether plantations will have the same structural attributes as unplanted old pine forest (Freedman et al. 1994) .
No habitat types were found to cover more than 20% of the total FMF landscape. In a modeling exercise, Fahrig (1998) predicted that fragmentation effects should not affect population survival until breeding habitat for an organism covers less than 20% of the landscape. Many species probably use several of the habitat types identified by NBDNRE and thus may be unaffected by fragmentation because total available habitat is still greater than 20%. However, indicator species that, by definition, should "specialize" on a single habitat type are the most likely to be sensitive to the effects of fragmentation over and above the effect of habitat loss alone. While the interpretation of landscape metrics for fragmentation is variable, it is clear that the process of fragmentation is continuing.
Our results indicate that the relationship between habitat loss and fragmentation is not proportionate in the FMF. The rate of habitat loss is generally exceeded by the rate of fragmentation. Decreases in the number and area of large mixedwood patches are one of the most significant trends revealed in this study. Tolerant mixedwood and hardwood were the most predominant forest types in presettlement southern New Brunswick (Zelazny et al. 1997) . In presettlement times, mature mixedwood and tolerant hardwood would probably have existed in the largest patches (Zelazny et al. 1997; Lorimer 2001) . Species adapted to mixedwood at the stand scale could also be adapted to the landscape configuration of this forest type (Walters 1998) . For example, mixedwood species such as northern flying squirrel (Vernes 2001) and American marten (Payer and Harrison 1999) are reported to be sensitive to landscape fragmentation in northeastern New England and the Maritimes. There is also evidence that survival rates of white-breasted nuthatch (which may be dependent on tolerant hardwood forest) are negatively correlated with habitat fragmentation (Doherty and Grubb 2002) . Conversely, pine stands probably existed in a naturally patchy distribution across the landscape. It is less likely that species adapted to this forest type are as sensitive to habitat isolation. Such hypotheses need to be tested by determining the historical pattern of the landscape with the use of modeling and ecological land classification (e.g., Zelazny et al. 1997; Gustafson et al. 2000) . Continuation of research on spatial species-habitat relationships should provide information on species-specific sensitivities to fragmentation.
Declining mean nearest neighbour values for mature forest as a whole in the FMF is the combined result of (i) the splitting of single large patches into two or more adjacent smaller patches that have low nearest neighbour distances, (ii) the emergence of new habitat in close proximity to exist- ing habitat patches, and (iii) the attrition of distant patches that may have previously boosted mean nearest neighbour values. This ambiguous result indicates the potentially misleading nature of "mean" statistics in landscape analysis (Gustafson et al. 2000) . A more fruitful approach to nearest neighbour analysis is to report the full range of nearest neighbour values (the distance from each patch's edge is calculated to its nearest neighbour's edge). Further, rather than lumping all mature forest into a single habitat category for nearest neighbour computation (which does not reflect ecological reality for many indicator species identified in New Brunswick), we reported these values in terms of specific NBDNRE habitat types. In this analysis, distance between large patches of most habitat types increased between 1993 and 1999. About 30% of the mixedwood habitat is in nearest neighbour categories greater than the minimum 1 km recommended by NBDNRE (2000) . Species with low vagility, such as the northern flying squirrel, would likely experience difficulty colonizing this proportion of habitat patches (Reunanen et al. 2000; Vernes 2001 ). However, it is important to note that this minimum distance does not include the smaller habitat patches that fall between the patches that meet patch size criteria. It is possible that taxa could be using such smaller patches as "stepping stones" for movement between larger patches (Forman 1998) . Minimum distance between patches may be a function of the matrix type. Patches that are separated by an agricultural field are more likely to be more isolated for some species than patches separated by a 10-year-old clearcut (Verboom et al. 1991; Schmiegelow et al. 1997) .
Management implications
All habitat types, except perhaps pine, are being reduced in area at a rate greater than they are regenerating as a result of forest growth in the FMF. Further, it cannot be assumed in the longer term that recent cutovers will regenerate to have the same tree species composition and structure that they did preharvest. This is particularly true for tolerant hardwood and mixedwood habitats; the majority of new mixedwood habitat is often made up of shade-intolerant tree species. Accounting for forest growth, tolerant mixedwood habitat declined at a rate well below replacement (9.6% from 1993 to 1999). This may have serious implications over the long term if species exist that specialize on this habitat type. One possible implication is that forest harvesting patterns should be developed for these stand types so that tree species composition is maintained (Woodley and Forbes 1997; J.D. Irving Sussex District 2001) .
Decreases in patch size and nearest neighbour values for most habitat types suggest that more attention be given to Note that no change occurred for old spruce-fir habitat (OSFH) patches (not shown). Analysis was performed only on patch sizes identified as sufficient to meet spatial requirements of indicator species for each habitat type (Table 2) . the spatial distribution of cuts. Crown land policies, such as maximum block size (100 ha), potentially preclude the maintenance of large patches and effectively prevent the regeneration of large patches in the future. A "patchwork" landscape pattern is being created that is unlikely to have existed in the presettlement era. Of the minimum patch size guidelines recommended by NBDNRE, only the 375-ha patch size for OSFH is required by policy. Not surprisingly, this is the only habitat type that did not exhibit a decrease in the number of habitat patches over the 1993-1999 period. Without actively planning for contiguous patches of other habitat types, even within the context of sustainable management for timber volume (J.D. Irving Sussex District 2001), there will likely be a continued decline in mean patch size and the number of patches that meet spatial requirements of indicator species. It will be important to monitor populations of indicator species to determine if trends in abundance reflect changes in habitat area and the degree of fragmentation. Because habitat patches span landownership boundaries, it will also be increasingly important to develop transboundary approaches to habitat planning, particularly on private woodlots where, in this study, landscape change occurred at the highest rate (Betts et al. 2002) .
Conclusion
We generated a 1993 baseline habitat map using existing GIS forest inventory data developed from aerial photointerpretation, and we updated this map with changes observed in Landsat satellite imagery acquired in 1995, 1997, 1998, and 1999 . The habitat types were related to indicator species and native biodiversity through inferences about species habitat preferences and forest structure. Landscape metrics were computed to summarize the landscape structure over the 1993-1999 time period; we interpret several of these metrics to analyze the fragmentation process that has occurred over the multijurisdictional area of the FMF. Most forest habitats decreased in area, nearest neighbour distances, and patch sizes. The rate of habitat loss was exceeded by the rate of fragmentation. Decreases in the number of mixedwood patches and their sizes appeared to dominate the fragmentation of the landscape; more attention to the spatial distribution of harvesting activities may be necessary to change this landscape pattern in the future. Some low-vagility species, such as the northern flying squirrel (recognized as an indicator species by NBDNRE 2000), may have difficulty maintaining population levels in such highly dispersed mixedwood landscapes.
Some important limitations of this approach exist and must be considered. Interpreting the ecological implications of landscape metrics and landscape change remains problematic. Substantial information gaps preclude inference about population-level effects of the habitat composition and configuration changes reported in this study. Detailed configuration or fragmentation sensitivities of indicator species remain largely unknown. It is possible, for example, that patch size criteria for indicator species have been underestimated. Conversely, species could be engaging in "habitat supplementation": maintaining home ranges across a larger area of fragmented landscape to compensate for lack of contiguous habitat (Dunning et al. 1992) . Further, it is likely that many species perceive landscapes as gradients of habitat resulting in "source" and "sink" areas rather than in terms of categorical "habitat" versus "nonhabitat" (Donovan et al. 1995) . More information on the spatial and stand-level sensitivities of landscape configuration sensitive taxa needs to be collected if the ecological implications of landscape metrics are to be fully understood. It is unknown how many patches of a certain size are necessary in the region to maintain a viable population. This information could potentially be obtained by a combination of detailed species life history information, species-habitat models based on local data, and spatially explicit population viability analysis (Dunning et al. 1995; McCarthy et al. 2001 ). In the most rapidly changing habitat types, indicator species could be monitored to determine whether population trends match measured variation in landscape composition and pattern. And finally, data deficiencies can overwhelm even the most dedicated spatial analysis project. For example, GIS data often are not spatially comprehensive and may be of dubious accuracy and vintage; remotely sensed data, on the other hand, may be of insufficient resolution or quality (e.g., cloud cover) and require substantial image processing resources and skill.
